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JUNCTIONAL AND HIGH-LEVEL DENDRITIC CELLS REVEALED WITH
OSMIUM IODIDE REACTION IN HUMAN AND ANIMAL EPIDERMIS
UNDER CONDITIONS OF HYPERPIGMENTATION AND
DEPIGMENTATION *
YUTAKA MISHIMA, M.D., PH.D. AND ANTONINA MILLER-MILINSKA, M.D.
Champy, Coujard and Coujard-Champy(1) de-
scribed the use of the osmium iodide reaction for
demonstrating adrenaline in sympathetic nerves
and the adrenal medulla. European investiga-
tors (2, 3) studied human skin by this staining
method and described the interstitial cell system
of peripheral vegetative nerves. We have tried
to verify the above findings in various human
pigmentary disorders and in skin from different
animals.
In our hands, the osmium iodide reaction
demonstrated clearly a great number of blackened
dendritic cells in the basal layer and higher levels
of the epidermis as well as in the outer root sheath
of the hair follicle. The osmium iodide positive
dendritic cells in the epidermis appeared to be
identical with Langerhans cells and junctional
melanocytes in their location and general con-
figuration.
Because of the still debated nature and genesis
of the Langerhans cells, it seemed important to
ascertain the specific affinity of the osmium iodide
reagent for adrenaline, noradrenaline and vegeta-
tive nerves. We, therefore, investigated the
significance of the reaction by comparing the
results with those of Hillarp and Hokfelt's (4)
chromaffin reaction for adrenaline and noradren-
aline, the gold impregnation method of Ferreira-
Marques (5) for Langerhans cells, and the dopa
reaction for tyrosinase in melanocytes.
MATERIALS AND METHOD
1. Materials. Specimens of various areas and
diseases of human skin and mammalian skin were
used. Our first group consisted of sections of
normal white skin; the second group, of colored
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human and mammalian skin; the third group, of
various dyspigmentary conditions and melano-
cytic tumors.
2. Method. The osmium iodide reaction was done
by the following procedure:
STAINING PROCEDURE
1) Mix 2 cc. of 2% osmic acid with 6 cc. of 3%
sodium iodide shortly before use. The solution
will become light yellow in color.
2) Cut pieces of skin 3.0 to 4.0 mm. thick. Smaller
specimens should be avoided.
3) Immerse in the mixed solution at least for 24
hours at room temperature, The tissue should
be immersed in plenty of solution. The time of
fixation may be prolonged according to the
consistency and nature of the tissue. In order to
obtain a satisfactory result, this procedure is
most important. Overstaining of tissues may
give rise to some non-specific blackening.
4) Rinse in running water for 5 minutes.
5) Dehydrate in 70% alcohol for S hours and use
routine paraffin method.
6) Make sections of 10 p thickness.
7) Deparaffinize the sections in xylene, 2 changes
of 5 minutes.
5) Mount in Canada balsam. Serial sections were
counterstained by toluidine blue or hema-
toxylin aad eosin stain.
OBSERVATIONS
I. Specificity of osmium iodide reaction for
adrenaline and noradrenaline.
In 1949, the adrenal medulla of different
animals was shown to contain noradrenaline in
addition to adrenaline (Euler and Hamherg (6)).
Hillarp and Hokfelt (4) (1955) modified the clas-
sical chromaffin method for the demonstration of
adrenaline and noradrenaline and applied it to
the adrenal medulla in a number of different
species. Oxidation with ehromate or dichromate
rapidly produces a brown insoluble pigment
from both adrenaline and noradrenaline. We
treated the adrenal glands of mature female
rabbits with Hillarp and Hokfelt's and Champy's
methods. Hillarp and Hokfelt's reaction showed
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FIG. 1. Comparison of the osmium iodide reaction and adrenaline staining method for demonstration
of the adrenal medulla. A. Adrenal medulla blackened the osmium iodide reaction. X 135. B. Adrenal
medulla stained with Hillarp's and HUkfelt's reaction for adrenaline and noradrenaline. X 135.
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FIG. 2. The sympathetic nerves of the small intestine revealed by the osmium iodide reaction. X 800
a specific positive brown color in the medullary
cells, as described by these authors. The osmium
iodide reaction also blackened the medullary
cells in identical locations. The cortex of the
adrenal gland did not react with either method
(Fig. 1 (A) and (B)).
Both reactions were done on human and mam-
malian skin, and on the small intestine and
parotid glands of mature female rabbits. Hillarp's
reaction for adrenaline and noradrenaline did not
show any significant results in the small intestine
or parotid gland. The osmium iodide reaction of
the small intestine revealed a pearl-necklace-like
appearance of the sympathetic nerves in the
submueosa and muscular layer (Fig. 2), while in
the parotid gland, no definite findings relative to
sympathetic nerves were observed. Osmium
iodide treated skin demonstrated clearly the
junctional and high level dendritic cells in the
epidermis, while Hillarp and Hokfclt's adrenaline
reaction did not reveal any significant structures
in the skin. Lison (7) (1953) criticized the osmium
iodide reaction as a non-specific one. He stated
that although the mixture is reduced particularly
strongly by phenols, it reacts in tissue sections
with many other types of compounds.
Our findings suggest that the positive osmium
iodide reaction in the dendritic cells of the epider-
mis is due to another reactive process rather than
to its specificity for adrenaline.
II. The signlficance of the osmium iodide positive
junctional and high level dendritic cells in
the epidermis.
In order to determine the nature of osmium
iodide positive junctional and high level dendritie
cells, we did further studies on human and mam-
malian skin specimens from various anatomical
sites by comparing the following methods:
Ferreira-Marques' gold chloride procedure for
Langcrhans cells, the Dopa reaction and the
Hillarp-Hokfelt reaction for adrenaline and
noradrenaline. The findings are listed in Tables
I,II,andIII.
The junctional and high level dendritie cells,
revealed by the osmium iodide reaction, seem to
be identical with the dendritic cells demonstrated
by the dopa reaction and classical Langerhans
cell stains (Fig. 3 (A) and (B)). They are similar
in shape, location, size and general configuration
under normal and pathologic conditions.
(1) Langcrhans cells and melanocytes of the
normal human epidermis.
The osmium iodide reaction showed Langer-
hans cells in every ease of normal white human
and mammalian skin. They were not demon-
strated in the non-pigmented tongue of a dog.
In the same series, the osmium iodide reaction
demonstrated junctional dendritic cells, melano-
eytes, in almost every ease.
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TABLE I
Comparative Data of Osmium iodide Reaction on White and Mammalian Skin
.Material
Human
Abdomen
Race
Whita
Age
57
Sex
M
.Locatioo
High Level
Basal Layer
Epidermis Hair Follicle
Remarks to
Osmium
iodide
Reactioo
Os-
miom
iodide
R.
+
+
Fec-
ceira-
Mac-
ques
++
—
opa
—
++
•HO-
larp
—
—
Os-
mum
iodide
R.
Fec-
ceira-
Mar-
ques
opa
•Rsl-
larp
Scalp with
grayish
white hair
White 67
40
M
M
High Level
Basal Layer
High Level
Basal Layer
+++
++
+
++
++
+
—
+
—
+
+++
++
—
+
—
—
—
—
—
+
Human
Abdomen
White
Metastatie
Carcinoma
White 52 M High Level
Basal Layer
+
++
—
+
+
+
+++
+
—
+
Carci-
noma
cells
Prurigo No-
dularis
Scalp
White 60 F High Level
Basal Layer
+++
+
Strawberry
Mark
Tongue of
Dog Non-
pigmented
Habbit Skin
White
White
White
32
Adult
Adult
F
F
F
High Level
Basal Layer
High Level
Basal layer
High Level
Basal Layer
+++
—
—
+
+++
—
—
—
—
+++
+
+
+
—
—
Heman-
gioma
cells
In specimens of normal colored human and
mammalian skin, the osmium iodide reaction
revealed Langcrhans cells and junctional melano-
cytcs in six out of twelve cases. The Fcrreira-
Marques' reaction demonstrated Langcrhans cells
in only one out of five cases in the same series.
(2) Langcrhans cells and mclnnocytes of the
hair follicles.
In five out of six cases of normal white skin,
the osmium iodide reaction clearly demonstrated
Langcrhans cells at various levels in the multiple
epithclial layers of the outer root sheath, and
some cells were found even in Huxley's layer of
the inner root sheath (Fig. 4). The Fcrrcira-
Marques' reaction gave negative results in all
cases of the same series. The osmium iodide
reaction revealed mclanocytcs of the outer
external sheath not only in the wall of the pilary
canal (infundibulum), but also in the middle and
lower parts of the follicles where inactive amel-
anotic mclanocytcs exist (Staricco (14)).
In a second group of specimens of normal
colored human skin, the osmium iodide reaction
demonstrated Langerhans cells in the hair
follicle in three out of seven cases, although
Fcrrcira-I\'Iarques' reaction exhibited positive
results in only one out of four cases. The melano-
cytcs of the outer sheath were also demonstrated
in three of seven cases at various levels.
Hillarp and Hokfclt's reaction for adrenaline
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Fin. 3. Comparison of the osmium iodide reaction and classical Langerhans cells staining. A. High
level and junctional dendritic cells of white human epidermis revealed with the osmium iodide reaction.
X 465. B. High level dendritic cells (Langerhans cells) treated with Ferreira-Marques' gold chloride.
Normal Negro skin from the abdomen. X 465.
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Fiu. 4. Langerhans cells and melanocytes of the hair follicle and the epidermis revealed with the
osmium iodide reaction. White human skio of auricular region. X 465.
and noradrenaline was done in some of these
eases; however, no junctional and high level
dendritie cells could be observed.
(3) The osmium iodide reaction in various
pigmentary disorders.
(a) Nevus eell.s.—The osmium iodide reaction
blackened A-type nevus cells (Mieseher-Alber-
tini (8)) of intradermal nevi (Fig. 5). These epithe-
lioid nevus cells in the upper part of the intra-
dermal nevus often contained melanin which
could also be stained by this reaction. It was
difficult to decide whether this A-type nevus cell
could be blackened specifically without the pres-
ence of pigment. However, with ordinary staining
methods, our two eases of cellular nevi showed
little if any melanin.
The osmium iodide reaction on intradermal
nevi also showed that the junctional melanoeytes
in the overlying epidermis had large, well pre-
served, round or euboidal hyperehromatie
periearyons which appeared to be somewhat
different from the normal junctional deadritie
melanoeytes. Their size and general configuration
were closer to those of nevus cells than to those
of normal melanoeytes.
In some instances, pictures were seen that
suggested the "dropping off" and maturation of
those large dendritie osmium iodide positive cells
into the nevus cell nests. In all eases of cellular
nevi, Langerhans cells were prominent in the
central layers of the outer root sheath of the hair
follicles located next to the nevus cell nests. They
were observed not only above the level of the
sebaeeous gland opening but also, and together
with melanoeytes, at the middle and lower parts
of the hair follicle. Nevus Ota cells were also
blackened with the osmium iodide reaction.
(b) MGlignant melanome.—Two eases of malig-
nant melanoma in Negroes were examined with
the osmium iodide reaction. In both cases, malig-
nant melanoma cells showed a positive reaction in
melanotie and amelanotie areas (Fig. 6).
(e) &hwannoma.—A sehwannoma from a
Negro patient with von Reeklinghausen's disease
was studied. The sehwannoma cells showed a
negative reaction, although the overlying epider-
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mis revealed a positive reaction of Langerhans
cells and melanocytes.
(d) Vitiligo vulgaris.—In every instance, the
osmium iodide reaction revealed many Langcr-
hans cells in the lesions of vitiligo vulgaris (Fig.
7). It was also noted that the osmium iodide
reaction revealed a number of junctional dendritic
cells, even though they were Dopa negative.
(c) Plantar region.—In the normal plantar
region of human skin where active melanocytcs
usually arc scarce, there were a great number of
osmium iodide positive, high level and junctional
dcndritic cells (Fig. 8). In the same specimen
Fcrreira-Marqucs' stain revealed only a few
high-level dendritic cells.
(4) Other skin components revealed by the
osmium iodide reaction:
(a) Peripheral nerves.—Myelin sheaths of mcd-
ullary nerves and certain unmyclinated nerve
endings in the skin could be demonstrated (Fig.
9). Meissner's tactile bodies and their myclinated
nerves were also stained (Fig. 10). While the
vegetative nerves were revealed in a pearl-
necklace-like arrangement in the small intestine,
the vegetative nerve system in the human skin
could not be well demonstrated by this reaction.
In some instances a perivascular network of
sympathetic nerves could be seen in the dermis
(Fig. 11).
(b) Fat tissue, sebaceous gland cells and the
Fio. 5. Epithelioid nevus cells blackened by the osmium iodide reaction. The reaction also revealed
dendritic melanocytes (indicated by arrow) in the hair follicle showing the stage of "dropping off".
X 280.
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FIG. 6. Malignant melanoma cells stained positively with the osmium iodide reaction. x 225
FIG. 7. The osmium iodide reaction revealed many Langerhans cells in the region of Vitiligo Vulgaris.
X 225.
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keratin tayer.—These components were blackened
clearly with osmium iodide.
(e) Apocrine qlands.—Quite a number of
osmium iodide positive granules were observed in
the apoerine tubules (Fig. 12).
DISCUSSION AND CONCLUSIONS
The arguments concerning the nature and
source of the high-level dendritie cells or Langer-
hans cells are still being carried on.
In 1951, Ferreira-Marques (5) pointed out that
there were distinguishable differences in the
staining qualities of these cells and showed that
gold impregnation only is suitable for the demon-
stration of Langerhans cells, but does not demon-
strate melanoeytes; the latter were argentophilie
and dopa positive, but Langerhans cells were not.
From these essential differences in the attitude
of these cells toward metallic impregnation and
their location and general configuration, two
different opinions have been derived. Continental
European investigators insist that Langerhans
cells are nervous receptor cells. Ferreira-Marques
FIG. 8. Langerhans Cells of the normal plantar
region revealed with the osmium iodide reaction.
X 316.
observed, by his modified gold impregnation
method, that sensory nerve endings and Langer-
hans cells were both gold positive and in direct
connection with each other. Thus, he established
his hypothesis of the "intraepidermal sensory
system."
Recently Richter (9) has followed Feyrter who
interpreted chromophil cells in the cutis and
epidermis as synaptic elements of the autonomous
nervous system intercalated between it and the
effeetor tissue. Niebauer (3) (1956) concluded in
his studies, using the osmium iodide reaction, that
Langerhans cells and melanocytes which are in
direct connection with the so-called interstitial
cells of the dermis, represent together with these
cells, the neuro-vegetative system of the skin.
Recently Amerieaninvestigators (10,11, 12) found
that the aureophilie high-level dendritie cells
become dopa positive after exposure to radiation
from thorium X; they brought this finding in
support of the theory that Langerhans cells are
effete melanoeytes in process of exfoliation.
In our studies, aureophilie Langerhans cells
and argentophilie melanocytes showed the same
histoehemieal behavior towards the osmie iodide
reaction. The high-level and junctional dendritie
cells were blackened by this reaction, revealing a
similar morphologic pattern. On the other hand,
neurovegetative elements around vessels in the
dermis and in other organs also could be demon-
strated by the osmie iodide reaction. One would
therefore be tempted to conclude that these
histoehemical findings support the above men-
tioned ideas of European investigators, namely
that Langerhans cells and melanoeytes are neuro-
vegetative terminal elements. However, we could
not find any other definite similarities between
these cells in the epidermis and neurovegetative
components in the dermis. In particular, we
could not observe any continuity between nerve
endings and Langerhans cells and melanoeytes.
The osmie iodide reaction certainly showed the
ability to demonstrate adrenaline in certain
tissues, such as the adrenal medulla and sympa-
thetic nerves of the small intestine. However,
from our comparative studies of adrenaline
staining reactions, it appears that the positive
osmium iodide reaction of Langerhans cells and
melanoeytes in the epidermis is not due to the
presence of adrenaline. Furthermore, it has been
known that the reaction for the demonstration of
adrenaline is not absolutely specific.
4. __
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Naturally, one cannot overlook the osmiophilic
lipids when using the osmium iodide reaction.
Lipid substances are geucrally blackened by
osmic acid alone, and this may account for the
demonstration of subcutaneous fat cells, seba-
ceous glands, granules in apocriue glands and
myelin sheath of nerves by the osmium iodide
reaction. However, the affinity of the osmium
iodide rcaction for these lipid substances can be
differentiated from its affinity for dendritie cells
and adrenalin by studying control sections
stained with osmic acid alone.
The osmium iodide reaction apparently demon-
strates Langerhans cells and melanocytes with
less technical difficulty than the gold impregna-
tion method.
In active hair follicles, the melanoeytes are
characteristically in the wall of the upper, perma-
nent external sheath and in the pigmented part
of the bulb, close to the upper part of the dermal
papilla. Recently, Starieco (13, 14) demonstrated
the presence of amelauotie melanocytes along the
outer root sheath of the middle and lower parts of
the follicle, between the basal portions of the tall
Fin. 9. The osmium iodide reaction revealing the myclin sheath of medullary nerves in the skin of
Negro scalp. The large black bodies are fat cells. X 123.
Fin. 10. Meissner's tactile body clearly revealed with the osmium iodide reaction. Plantar skin of
Ncgrcss. X 272.
Fio. 11. The osmium iodide reaction demonstrating the network structure around the vessels of the
upper and middle dermis which could be considered as the pcrivascular sympathetic peripheral nerve.
X 649.
Fin. 12. A number of osmium iodide positive granules were observed in the apocrine tubules. X 272
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cpithelial cells forming the outer peripheral layer.
Our osmium iodide reaction demonstrated junc-
tional melanocytes in the upper external sheath
and bulb, and also inactive amelanotic mclano-
cytes in the middle and lower parts of the follicle.
In addition, the osmium iodide reaction clearly
demonstrated the presence of Langerhans cells
at various levels of central prickle cell layers of
the external root sheath.
In two cases of vitiligo vulgaris, we observed an
increased number of Langerhans cells with both
the osmium iodide reaction and the Ferreira-
Marques reaction.
The significance and staining properties of the
osmium iodide reaction as described above are
summarized in Table IV.
SUMMARY
1. The osmium iodide reaction revealed certain
identical histochemieal properties of Langerhans
cells and melanocytes. The reaction could demon-
strste melanotic as well as amelanotie dopa-
negative melanocytes in the normal and patho-
loical skin.
2. The presence of Langerhans cells and
melanocytes in the hair follicle was demonstrated
not only in the upper part of the sheath, but also
in its middle and lower parts where amelanotic
inactive melanocytes were observed.
3. An increased number of Langerhans cells
was observed in vitiligo vulgaris.
4. Langerhans cells in white human and main-
malian skin seemed to be more prominently
demonstrated than in colored skin.
5. The osmium iodide reaction blackened
malignant melanoma cells and epithelioid cells of
pigmented nevi.
6. Myelin sheaths of medullary nerves and
certain unmyelinated nerve endings in the skin
could be demonstrated.
7. Meissner's tactile bodies were clearly
demonstrated.
8. The osmium iodide reaction blackens the
sites of adrenaline and noradrenaline in the
adrenal medulla. It is, however, not specific for
these substrates. There is no proof that a positive
reaction in the skin depends on the presence of
these or other phenolic substances.
9. The Champy-Coujard technic is a valuable
method for the demonstration of all dendritic
cells in epidermis and hair follicles, but has no
histochemical significance.
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